and survival pathways. Members of the TNF family that regulate cell viability may provide strong selective pressure for viruses to evolve counterstrategies. In this regard, TNF and lymphotoxin (LT)-␣ induce antiviral activity to a broad range of viruses in tissue culture by causing 
pesvirus, an antagonist of caspase 8 activation that blocks apoptosis by Fas and TRAIL-R (Tschopp et al., 1998); and the UL144 open reading frame of human CMV (␤-herpesvirus; HCMV), an ortholog of HVEM and TRAIL-R2 (Benedict et al., 1999)
. We reasoned that these diverse molecular links reflect a specific evolutionary history between the LT/TNF cytokine system and different subtypes of herpesviridae. These observations prompted us to ask whether LT/TNF-related cytokines can elicit resistance to herpesvirus infection, perhaps providing selective pressures directing the evolution of viral countermeasures.
Here we show that signaling by the LT␤R and TNFR1, but not by Fas or TRAIL-R, initiates a potent nonapoptotic antiviral activity that inhibits cytopathicity and replication of HCMV in diploid fibroblasts. Furthermore, the efficient induction of interferon-␤ (IFN-␤) depends on both HCMV infection and LT receptor signaling, which demonstrates a mutual dependence on both host and virus factors to establish a state of coexistence. Although mouse CMV (MCMV) and HCMV are genetically distinct, LTs also appear to play a fundamental role in host defense against MCMV, as revealed by the profound susceptibility of LT␣-deficient mice and LT␤R-Fc transgenic mice to MCMV infection. Together, these results reveal a previously undisclosed mechanism for controlling a ␤-herpesvirus infection.
Figure 1. Inhibition of HCMV-Induced Cytopathicity by LTs and LIGHT

Results
NHDFs were infected with HCMV at an MOI of 0.01, and various purified recombinant cytokines were added to medium at a final
Inhibition of HCMV by LTs and LIGHT
concentration of 5 nM. After culture for 7 days, the cytopathic effect was visualized by light microscopy (20ϫ magnification).
The replication cycle of HCMV in normal human diploid Figures 1d and 1f) .
following treatment with pM levels of ligand (C.A.B. and Cytokine-mediated inhibition was equivalent whether C.F.W., unpublished observations). Surprisingly, FasL added at the time of virus infection or several hours after and TRAIL were unable to reduce virus production (Figvirus adsorption, indicating that they did not disrupt ure 2c) or to inhibit virus-protein expression and cytoattachment or entry of HCMV (data not shown).
pathicity (data not shown), indicating that the antiviral To assess the effect of LT␣, LT␣1␤2, and LIGHT on effect is specific to LIGHT and LTs in this model. To-HCMV protein expression, both the major immediate gether, these results suggest that the mechanism of early protein (IE1/pp72) and the late tegument protein blocking virus spread was probably not by inducing pp28 were analyzed by Western blot (Figure 2a ). LT␣1␤2 death of infected cells. and LIGHT showed similar relative antiviral activity (IC50 for inhibition of pp28 expression of ‫1ف‬ and 0.4 nM, Nonapoptotic and Reversible Effect of LT and LIGHT respectively), whereas LT␣ was Ն40-fold more effective on HCMV Replication (IC50‫10.0ف‬ nM; Figure 2b ), which is consistent with the Although cell death or cytopathic effects were not obhigher receptor binding affinity of secreted LT␣ comserved in HCMV-infected fibroblasts treated with LTs or pared with the normally membrane anchored LT␣1␤2 LIGHT, some expression of IE1 was always detectable and LIGHT (Rooney et al., 2000b) . Activation of the LT␤R 7 days postinfection (Figures 2a and 3a) , even at high via addition of an agonistic polyclonal IgG elicited the concentrations of cytokine that completely block infecinhibitory effect on HCMV protein expression ( Figures  tious virus production (Figure 3b ). This suggests that 2a and 2b), indicating that this receptor mediated the antiviral effects seen with LT␣1␤2 and LIGHT. Similarly, receptor signaling may block viral spread by inhibiting The HCMV-fibroblast model demonstrates that LT␤R and TNFR1 signaling induces a selective antiviral activity by a nonapoptotic mechanism, which is dependent on IFN-␤ gene expression. This conclusion is based, in part, on the reversible nature of the antiviral effect mediated by LT, neutralization of the antiviral activity with IFN-␤ antibodies, and the inability of the potent death domain 
